A number of studies have examined the association between dietary patterns and semen quality, but the findings have been inconclusive. Herein, we conducted a systematic review and meta-analysis of observational studies to assess the association between dietary patterns and semen quality. PubMed, Cochrane library, Science direct, Scopus, Google Scholar, and ISI web of science databases were searched up to August 2016 for observational studies assessing the association between common dietary patterns and sperm quality markers. Data were pooled by the generic inverse variance method with random effects and expressed as mean differences with 95% confidence intervals (CIs). Heterogeneity was assessed (Cochrane Q-statistic) and quantified (I 2 -statistic). The NewcastleOttawa Scale assessed study quality. Six eligible studies, involving 8207 participants, were included in our systematic review and meta-analysis. The pooled mean difference of sperm concentration for the healthy dietary pattern versus unhealthy dietary pattern intake was mean difference: 0.66; 95% CI, 0.305-1.016; p < 0.001. In comparison with those who had the highest adherence to healthy dietary pattern, individuals in the lowest adherence had significantly lower level of sperm concentration. However, no significant association was seen between eating patterns and other semen quality. Healthy dietary pattern seems to be associated with elevated sperm concentration level. Further longitudinal studies are needed to clarify this relationship.
INTRODUCTION
Infertility, defined as the failure to achieve a clinical pregnancy after 12 months despite unprotected sexual intercourse, is a problem of global proportions (Zhang et al., 2016) . As approximately 50% of infertility cases are attributed to male infertility factors, this issue has been a rapidly developing area of medical science (Fode et al., 2016; Szkodziak et al., 2016) .
Semen quality, as one of important factors leading to the fertilization of female gamete (Meldrum et al., 2016) , can contribute to impairment of male infertility.
Besides the genetic background (Najafipour & Moghbelinejad, 2017) , adverse environmental factors including age (Johnson et al., 2015) , smoking (Sharma et al., 2016) , and alcohol intake (Jensen et al., 2014) have been proposed as causes of semen quality decline. Recently, there has been growing interest in identifying reversible causes of semen quality decline, and numerous studies have been performed to investigate whether diet and nutrition can improve seminal parameters (Giahi et al., 2016; Abbasihormozi et al., 2017) similar to other disorders (Kafeshani, 2016) .
Studies investigating the link between nutrition and semen quality can be categorized into three groups. The first group includes studies assessing the association between isolated micronutrients such as zinc (Gualtieri et al., 2014; Zhao et al., 2016; Eslamian et al., 2017) , selenium (Hawkes et al., 2009; Ahsan et al., 2014; Pieczynska & Grajeta, 2015) , carnitine (Agarwal & Said, 2004; Sigman et al., 2006; Zhou et al., 2007) , CoQ10 (Mancini et al., 2005; Safarinejad, 2012; Gvozdjakova et al., 2013) , omega-3 (Safarinejad, 2011; Esmaeili et al., 2015) , and various antioxidants (Comhaire et al., 2000; Ahmadi et al., 2016) and semen quality. Overall, it was reported that healthy diets rich in such nutrients have positive association with semen quality parameters. The second group includes studies assessing the association between food groups such as dairy products (Afeiche et al., 2014a) , processed meat (Afeiche et al., 2014b) , fruit, and vegetables (Gaskins et al., 2012) and semen quality. Generally, in contrast to unhealthy foods, healthy foods such as vegetables and fruit were positively associated with semen quality. The third group includes studies assessing the association between dietary patterns and semen quality (Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Jurewicz et al., 2016a) . The results of these studies are inconsistent (Vujkovic et al., 2009; Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Jurewicz et al., 2016a,b) .
As people do not eat single foods or nutrients, analyses of dietary behaviors can provide insight into the complex interactions among nutrients, biological active components, and foods within a diet, which vary among populations (Millen et al., 1996; Huijbregts et al., 1997; Hu et al., 2000; Kant, 2004; Entezari et al., 2017) .
Therefore, we conducted the first systematic review and metaanalysis in this area to clarify the association between different dietary patterns and semen quality. The findings will be used to make further researchers' hypotheses on dietary patterns and semen quality area.
METHODS
This systematic review and meta-analysis were performed based on the Preferred Reporting Item for Systematic Review and Meta-analysis (PRISMA) statement, and was registered on Prospero database (registration number: CRD42017053688).
Data sources and search strategy
We performed a systematic search of PubMed, Cochrane library, Science direct, Scopus, Google Scholar, and ISI web of science databases of all studies published up to August 2016 with no restriction in language. The search terms used were 'dietary pattern', 'dietary habits', 'eating patterns', 'diet type', and 'diet' combined with 'semen quality', 'sperm quality', 'sperm production parameters (sperm volume, sperm concentration, sperm count)', 'sperm quality parameters (sperm motility, sperm morphology, sperm motion)', and 'male fertility'. The cited references were reviewed to identify related studies. The full search strategy is illustrated in Table 1 .
Inclusion criteria
Studies were included if (i) they were observational studies, (ii) evaluated the association between dietary patterns and semen quality, and (iii) assessed and reported means or medians and the corresponding 95% confidence intervals (CIs) for the following outcomes: sperm motility, progressive motility, morphology, volume, count, and sperm concentration.
Data extraction
The following information was extracted from each study: author's name, year of publication, country, participants' health status, means and medians, and 95% CIs for the highest category of exposure compared to the lowest category, covariates used in adjustments, dietary assessment method, identified dietary patterns, and reported semen indices. Data extraction process and study quality assessment were conducted by two independent reviewers.
Study quality
The Newcastle-Ottawa Quality Assessment Scale was used to assess the quality of each study (Wells et al., 2000) . The scale consists of assessment of three domains: selection (five points), comparability, (two points), and outcome (three points) for a total score of 10 points. Studies scoring 7-10, 3-6, and 0-3 points were identified as high, moderate, and low quality, respectively.
Definition of 'healthy and unhealthy dietary patterns'
Dietary patterns were identified by principal component analysis or factor analysis. Factor scores for each pattern were categorized into tertiles, quartiles, or quintiles (the lowest and the highest category represented low and high intake for each dietary pattern, respectively) (Jomaa et al., 2016) . We identified five common dietary patterns.
The first pattern was a healthy/prudent dietary pattern characterized by high consumption of vegetables, fruit, whole grain, olive oil, fish, soy, poultry, and low-fat dairy (Gaskins et al., 2012; Jurewicz et al., 2016a,b) .
The second pattern was an unhealthy/Western dietary pattern which was characterized by high consumption of red and/or processed meat, refined grain, sweets, high-fat dairy products, butter, potato, high-fat gravy, and low intake of fruit and vegetables (Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Liu et al., 2015; Jurewicz et al., 2016a,b) .
The third pattern was a healthy/Mediterranean dietary pattern characterized by high intake of low-fat dairy, eggs, poultry, fish, tomato, vegetables, legumes, fruit, whole grains, wine, coffee, soups, and garlic (Cutillas-Tolin et al., 2015) .
The fourth one was an unhealthy/traditional Dutch dietary pattern that was characterized by high intake of potato, whole grains, meat products, margarine, mayonnaise and other fatty sauces and low intake of beverages and sweets, breakfast cereals, fruit, and soups (Vujkovic et al., 2009) .
The fifth pattern was a healthy/health conscious dietary pattern, which had high-factor loading for fruit, vegetables, fish and other seafood, whole grains, and legumes (Vujkovic et al., 2009) .
Because of heterogeneity among included studies, we categorized them as healthy or unhealthy dietary patterns based on their component characteristics. Western and traditional Dutch dietary patterns, which are similar in some loaded factors such as fatty foods, meat products, and low intake of fruit, were considered as unhealthy, while health conscious, Mediterranean, and prudent dietary patterns were characterized as healthy.
Statistical analysis
We conducted a meta-analysis to provide quantitative summary estimates of the association between healthy and unhealthy dietary patterns and sperm motility, progressive motility, morphology, and sperm concentration.
The mean difference and standard error of mentioned factors for higher intake of each dietary pattern compared with lower intake were used for the analysis. Two studies reported means and 95% CIs (Gaskins et al., 2012; Cutillas-Tolin et al., 2015) , and the remaining reported medians and ranges (Vujkovic et al., 2009; Liu et al., 2015) which we transformed into means and SEs by a formula (Hozo et al., 2005) .
Random effects meta-analyses were conducted to assess the weighted mean differences for each outcome. Fisher's z-distribution and its standard error were calculated based on the reported correlation coefficients and sample sizes of the studies.
Due to the small number of studies, meta-regression and subgroup analyses were not performed to find the source of heterogeneity. Hence, between subgroup heterogeneity was controlled using random effect model. Statistical analyses were carried out by the use of STATA, version 11.2 (Stata Corp, College Station, TX, USA). p-values less than 0.05 were considered statistically significant.
Assessment of heterogeneity
Heterogeneity of the study results was estimated by the chi-square (v 2 ) test and quantified using the I 2 statistic, which represents the percentage of the total variation across studies that is attributable to heterogeneity rather than chance. I 2 was calculated using the for- 
Assessment of publication bias
Publication bias, which was assessed by visual inspection of funnel plots and Egger's and Begg's tests, was conducted to determine the degree of funnel plot asymmetry with p < 0.05 representing significant publication bias.
RESULTS

Search results
Our search identified a total of 1672 articles. After removal of duplicate articles, the 1083 remaining articles were examined based on the review of title and abstract by two independent reviewers. Eleven articles were retrieved and reviewed based on full text which six of them met the inclusion criteria and were included in our systematic review and meta-analysis (Fig. 1) .
Overview of included studies
A total of six studies involving 8207 participants were included in our systematic review and meta-analysis. Characteristics of included studies were illustrated in Table 2 .
Among them, two were from Poland (Jurewicz et al., 2016a,b ) and the others were established from Netherland (Vujkovic et al., 2009 ), Spain (Cutillas-Tolin et al., 2015 , Taiwan (Liu et al., 2015) , and USA (Gaskins et al., 2012) . All six included studies were cross-sectional which examined the relationship between dietary patterns and semen quality parameters. Although all of them used food frequency questionnaire, some studies applied factor analysis (Gaskins et al., 2012; Jurewicz et al., 2016a,b) or principal component factor analysis method (Vujkovic et al., 2009; Cutillas-Tolin et al., 2015) to determine the dietary pattern of a population. Only one study which did not indicate the method used for dietary pattern identification was the exception (Liu et al., 2015) . Three of the included studies recruited fertility (Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Liu et al., 2015) , two of them recruited infertility (Jurewicz et al., 2016a,b) , and one of them assessed both fertility and infertility in men (Vujkovic et al., 2009) . Based on the Newcastle-Ottawa Quality Assessment Scale where all included studies were identified as high quality, one of them received a score of ten (Vujkovic et al., 2009) and the five remaining studies received a score of nine (Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Liu et al., 2015; Jurewicz et al., 2016a,b) (Table 3) . Among different dietary patterns, which were analyzed in included studies, the Western dietary pattern was the most frequent and mentioned in five of them (Gaskins et al., 2012 (Gaskins et al., , 2012 Liu et al., 2015; Jurewicz et al., 2016a,b) . Most of the studies compared Western with a prudent dietary pattern (Gaskins et al., 2012; Jurewicz et al., 2016a,b) . The remaining studies compared healthy versus western (Liu et al., 2015) , healthy versus Traditional Dutch (Vujkovic et al., 2009) , and Mediterranean versus Western dietary pattern (Cutillas-Tolin et al., 2015) .
Among semen quality parameters included in our systematic review and meta-analysis, volume did not meet the criteria because it was reported in only two studies (Vujkovic et al., 2009; Cutillas-Tolin et al., 2015) and was not included in the meta-analysis but was explained as a systematic review.
Findings from the systematic review
The association between healthy dietary pattern and sperm volume Vujkovic et al. recruited 161 subfertile men to analyze the association between dietary patterns and semen quality. Neither a health conscious dietary pattern nor a traditional Dutch dietary pattern was able to reveal an association of sperm volume (Vujkovic et al., 2009) . The results of another study which was conducted on 215 healthy men that demonstrated no relationship between Mediterranean and Western dietary patterns and sperm volume are consistent with this study. These dietary patterns were assessed using principal component analysis (Cutillas-Tolin et al., 2015) .
Findings from the meta-analysis
The association between healthy dietary pattern and sperm concentration Six studies with 8207 participants examined the association between healthy dietary pattern and sperm concentration (Vujkovic et al., 2009; Gaskins et al., 2012; Cutillas-Tolin et al., 2015; Liu et al., 2015; Jurewicz et al., 2016a,b) . Compared with those who had the highest adherence to healthy dietary pattern, individuals in the lowest adherence had significantly lower level of sperm concentration. (Mean difference 0.660; 95% CI, 0.305-1.016; p < 0.001) (Fig. 2) . There was evidence of significant heterogeneity between the effect sizes of included studies (I 2 = 93.27, p < 0.001). No evidence of publication bias was found (Begg's test: p = 0.347, Egger's test: p = 0.838).
The association between healthy dietary pattern and sperm total motility The term 'total motility' refers to a fraction of spermatozoa which shows any kind of movements (Cooper et al., 2010) . Four studies with 7893 subjects evaluated the association of a healthy diet on motility (Cutillas-Tolin et al., 2015; Liu et al., 2015; Jurewicz et al., 2016a,b). There was no significant association between the consumption of a healthy dietary pattern and sperm motility (mean difference 0.756; 95% CI, 0.511 to À2.024; p =0.24). There was evidence of heterogeneity between the effect sizes of included studies (I 2 = 99.33%, p < 0.001). No evidence of publication bias was found (Begg's test: p = 0.496, Egger's test: p = 0.091) (Fig. 3) .
The association between healthy dietary pattern and sperm progressive motility Progressive motility, as the sperm motile efficiency index, contributed to spermatozoa which swim forward in a straight line (Organization WH, 2010) . The association of a healthy diet on sperm progressive motility was examined in three studies with 7596 participants (3798 assigned to a healthy diet and 3798 assigned to an unhealthy diet) (Vujkovic et al., 2009; Gaskins et al., 2012; Liu et al., 2015) . There was no significant association between a healthy dietary pattern and progressive motility (mean difference 1.37; 95% CI, À0.83 to 3.58; p = 0.22) (Fig. 4) . Heterogeneity between studies was significant (I 2 = 99.62, p <0.001). No evidence of publication bias was found (Begg's test: p = 0.296, Egger's test: p = 0.054). Liu et al., 2015; Jurewicz et al., 2016a,b) , which compared the healthy and unhealthy dietary patterns on sperm morphology, demonstrated an overall non-significant effect size of 1.64 (95% CI: À0.05 to 3.33) (Fig. 5) . There was evidence of heterogeneity between the effect sizes of included studies 
DISCUSSION
To the best of our knowledge, no systematic review or metaanalysis has been conducted on the relationship between dietary patterns and semen quality parameters. In our analysis, individuals in the highest adherence to healthy dietary pattern including health conscious, Mediterranean, and prudent dietary style, which had high-factor loading for fruit, vegetables, tomatoes, whole grain, legumes, and fish, had significantly higher level of sperm concentration compared with those who had the lowest adherence to healthy dietary pattern. However, there was no clear association between a healthy dietary pattern and sperm motility, progressive motility, and normal morphology when compared to an unhealthy dietary pattern (Fig. 3-5) .
Our findings are consistent with previous studies which reported a positive association between fruit and vegetable intake and sperm concentration (Young et al., 2008; Mendiola et al., 2009; Vujkovic et al., 2009; Braga et al., 2012) . The apparent benefit of a healthy diet may be due to high intake of foods containing antioxidants and carotenoids (Liu et al., 2015) . Reactive Oxygen Species (ROS) production has been associated with loss of motility and a decreased capacity for spermatozoa-oocyte fusion Tremellen, 2008; Ross et al., 2010) . Intake of antioxidants and carotenoids has been studied for their potential effect against ROS generation and may play a critical role in protecting male germ cells against oxidative damage and also a treatment for idiopathic oxidative stress in spermatozoa (Aitken, 1989; Fraga et al., 1991; Agarwal et al., 2003; Gharagozloo & Aitken, 2011; Rafieian-Kopaei et al., 2013; Showell et al., 2014; Hajibabaei, 2016) . It has been also hypothesized that antioxidants may be particularly important in protecting human spermatozoa from per-oxidative damage due to high amount of polyunsaturated fatty acids in spermatozoa (Tiido et al., 2005) . In addition, this positive association may be associated with high content of folate in fruit and vegetables (Mendiola et al., 2009; Vujkovic et al., 2009; Braga et al., 2012) . Folate is a necessary factor in synthesis of purines and pyrimidines which both are necessary for spermatogenesis (Ebisch et al., 2006) . On the other hand, folate is important for DNA maintenance, RNA transfer, and protein synthesis (Molloy, 2012) . The healthy dietary pattern also contains a high amount of nutrients with good anti-inflammatory properties such as omega-3 fatty acids, fruit, and vegetables and low amount of pro-inflammatory nutrients such as red meat and unhealthy fat. Inflammation may affect reproduction through anatomical or functional change in the male accessory gland and/or direct negative impact on the spermatozoa (La Vignera et al., 2013) . The association between adherence to the healthy diet and semen quality could also be mediated through an increased intake of omega-3 fatty acids found in fish. Compared with other cells or tissues, spermatozoa and testicular cells have a higher concentration of long-chain (LC-) polyunsaturated fatty acids (PUFAs), particularly docosahexaenoic acid (DHA) (Wathes et al., 2007) . The increase in DHA levels in the sperm membrane during sperm maturation indicates high levels of active fatty acid metabolism in testes, resulting in preferential accumulation of LCPUFAs due to efficient metabolization of PUFAs into long-chain metabolites (Wathes et al., 2007) .
The healthy diet was not associated with other semen quality parameters including motility, progressive motility, and morphology. The reason could be related to unadjusted means reported in most studies, while several factors might confound such association (Rastegari, 2016) . For instance, models were not adjusted for time from semen collection to semen analysis which is an important factor in sperm motility in some studies (Vujkovic et al., 2009; Liu et al., 2015; Jurewicz et al., 2016a) .
Based on previous studies, it has been shown that increased trans fatty acid intake in the Western diet is inversely correlated with sperm concentration (Chavarro et al., 2011) . Also, individuals in the highest intake of trans fatty acid were 28% more likely to have less sperm concentration compared with those who had the lowest intake (Chavarro et al., 2014) . Peroxisome proliferator-activated receptors (PPARs), a family of nuclear receptors, have functional role in human spermatozoa. It seems that the negative effects of trans fatty acids on sperm metabolism may be exerted by down regulation of this nuclear receptor (Aquila et al., 2006) .
Some limitations of this study should be taken into account. There were not enough numbers of included studies to conclude that dietary patterns could be associated with semen parameters. Furthermore, significant heterogeneity was present in our analysis which would limit the generalization of our findings. Heterogeneity between studies may be explained by fertility status, different dietary styles, number of participants, methods for analyzing dietary patterns, and no specific standards for the appraisal of semen quality and adjusted models. All of the included studies used factor analysis or principal component analysis method. Based on previous comparative studies, factor analysis has many advantages over principal component method such as low proportion of variance. Although principal component analysis encompasses more bias versus other methods, factor analysis makes it possible to take previous knowledge into account (Varraso et al., 2012; Fransen et al., 2014; Bedard et al., 2015) .
Moreover, the inherent methodologic limitations of crosssectional studies make it impossible to draw causal link among variables. In addition, it is a snapshot of the population which could be altered overtime, and it included Neyman bias (prevalence-incidence bias), which is another form of selection bias and is highlighted in longer lasting disorders (Levin, 2006) . Although, healthy and unhealthy dietary patterns have the same loading factors, classification of studies as 'healthy' and 'unhealthy' may be the results in another bias because healthy eating is likely to be related to several other healthy lifestyle behaviors and consequences which may be related to semen quality. Therefore, further publications would be required to have a reasonable judgment about this issue with consideration of different cultures, geography, and religious beliefs which can influence the dietary patterns. 
CONCLUSIONS
According to what have been discussed, we found that healthy eating patterns might have a positive association with sperm concentration. However, performed statistical analysis did not indicate if other semen quality parameters associated with healthy diet. Due to the small sample size, such results need to be interpreted with more caution. Prospective cohort studies are needed to better understand the relationship between dietary patterns and semen quality parameters.
